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COMPLETE SPECmOATION 

Process and Apparatus for Manufacturing Thin Wall Tubing 
from Thermoplastic Materials by Extrusion 



We, The Bbitish Xylonite Comi*any 
LiMiTBD, a British Company, of Highams 
Park, London, E.4, do hereby declare tho 
nature of this invention and in what man- 

6 ner tbe same is to be performed, t.o be 
particularly described and ascertained in 
and by the following statement: — 

The present invention relates to the 
manufacture of thin wall tubing from 

10 thermoplastic materials in a plastic con- 
dition and substantially free from solvent. 
Polyethylene is an example of one such 
material which, under suitable tempera- 
ture and pressure conditions, can be 

15 worked into desired sliapes or objects with- 
out an excess of solvent and witbout a dry- 
ing or curing step sucli as is necessary 
when an excess of solvent is employed to 
render the material plastic. 

20 There is a large demand in tbe packajy:- 
ing and related fields for flexible plastic 
tubing hiving a wall tliickness of a few 
thousandths of an inob and in witltlis. 
when collapsed, ranging from ^ a few 

26 inches to several feet. Considerable 
difficulty tas been experienced in tbe 
past in supplying tHs demand and, in 
particular, in satisfyinflr tbe close toler- 
ance requirements wWch include boldinpf 

30 to uniform thickness and to uiiifoBra 
collapsed or layflat width. 

In the manufacture of such tubing by 
the solvent-free extrusion of a heat soft- 
ened thermoplastic, it is desirable to 

35 maintain air pressure within the tubing 
to prevent collapse and internal sticking 
and also to expand the tubing to n de- 
sired size within a permissive range 
using the same extrusion nozzle. Here- 

40 tofore. it has been found extremely 
difficult to control 'the "fiactors of tenW 
perature and uniform wall thickness as 
well as uniformity, of fluid expansion 
pressure because each of these factors in 



a large measure is imfluenced by the 45 

others . 

It is an object of the present invention 
to provide a process of and apparatus for 
manufacturing collapsed or layflat 
tJiermoplastic tubing* which overcome or 60 
substantially lessen the abovementioned 
as well as other attendant difficulties. 

Other objects and advantages will be 
apparent to those slrilled in the art from 
the following detailed description of an 55 
embodiment of th^ invention. 

The prpcess of the invention comprises 
contmuously extruding thermoplastic 
material in a heated and plastic condi- 
tion through an annular die in the form 60 
of a tube, establishing a greater internal 
pressure in than external pressure on the 
tube as it is extruded in a heated, de- 
forma)>le condition from the die, expand-, 
lug the tube while in such condition by 65 
means of said pressure differential to a 
predetermined greater diameter, cooling 
said expanded material below its tem- 
peraturo of plasticity and thereby setting 
said expanded tube, characterized by so '0 
regulating said cooling differentially 
about the circumference of said expanded 
tube in accordance with circumferential 
variations of the thickness of a aid tube 
as to tend to eliminate these variations. 75 

The invention also relates to apparatus 
for carrying out the process of the inven- 
tion. 

For a more detailed description of the 
inventioUj reference is made to the 80 
attached drawings in which: 

rig. 1 is a plan view of apparatus for 
producing lay&at tubing' in accordance 
with the invention; 

Fig. 2 rs a side elevation, partly in 85 
cross-section, of the apparatus illustrated 
in Fig. 1 ; 

Fig. 3 is a large cross-sectipnal view 
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of . Hie extrusion head portion of the 
apparatus shown in Kgs. 1 and 2; 

Fig. 4 is an enlarged view of control 
mechaniBm shown, in Fig. 'X which is 
5 responsive to variations in width of the 
collapsed tubing; 

Fig. 5 is a plan yiw of the cbntipl 
mechanism illustrated in Fig. 4; 

Fig. 6 is a front elevation of the £uid 
10 pressure control apparatus responsive to 
the control mechanism illustrated in 
Figs. 4 and 5 ; , 

Fig. 7 ia a side elevation view of the 
fluid pressure control apparatus shown in 
16 Pig. 6; 

Fig. 8 is a wiring diagram for the con- 
trol apparatus shown in Fig. 6 ; 

Fig. 9 is a view similar to Fig. 8 of a 
modified type of extrusion nozzle; 
20 Fi^, 10 ia a croas-3ectional view of the 
homogenizing element of the npzzle shown 
in Fig. 9; and . ' 

Fig. 11 is a view taken along line 11 — 
11 of Figr. 2 showing. Bupporidng rolls for 
25 the tubing. 

Eef erring to the drawings and particu- . 
larly to Figs. 1 and -2, the illustrated em- 
bodiment of the apparatas of the present 
invention includes a tubing die D from 
30 which a thin wall tubing may be continu- 
ously exti'uded. A suitatble extruder mech- 
anism including heating, homogenizing, 
and pressure producing parts - or com- 
ponents are, of course- provided for forc- 
35 mg a solvent-free plastic through the die 
D under optimum extrusion conditions of 
temperature/ pressure and homogeneity. 
The die D is ah.own secured to the outlet 
end 1 (Fig. 3) of an extruder E which is 
40fragmentarily shown in. Figs 1 and 2. 

As best seen in Fig. 3, the die D in- 
cludes a threaded inlet 2 for receiving the 
heated plastic F froia. the extruder outlet 
1 and a composite annujap extrusion 
* 45 orifice or nozzle 3 including, an outer annu- 
lar member 3a and inner circular member 
3b from between which the plastic P is 
extruded in the form- of tubmg T. The 
outer member 3a is coaxially' adjusted 
50 relative to the inner, member 3b by means 
of adjustment screws 3c. 

The die D may also include electrical 
iieating elements 4 and 5 for. controlling 
the temperature o^ the. plastic therein, 
56 Terminals 6a and 6b supply current to the 
outer heating element 4 and similar con- 
nections 7a and 7b- including a thermo- 
switch §41 supply current .to the iimer 
heating element 5-. . .- . . . 
60 The die D also includes a pressure out- 
let 8 through which a suitable, fluid : as,. " 
for example, air. is introduced 'to main- 
tain a desired pressure, within the tubing 
T. In the illustrated embodiment the out- 
66 let 8 is supplied with air by a line 9 from 



a source of supply which is controlled re- 
sponsively to variations in the size of the 
tubing as hereinafter wiQ be explained 
more in detail. 

TJpon leaving the die D the extruded 70- 
tubing 7 is air cooled as it nasses through 
a ring or circle of fishtau, gas-burner 
type; jets 10 (Figs. 1 and 2) which are 
mounted pn ball joints XI and are 
arranged parallel with the direction of 75 
travel of the tubing T. Manually oper- 
ated needle valves 12 individusjly control 
a supply of cooling air to the jets 10 from 
a circular manifold 13 connected with a 
compressed air supply. * 80 

"While for clarity oji illustration .only 
two of the jets 10 are illustrated in the 
drawings, in actual practice, a much 
larger number, as for example, 20 are pro- 
vided at equally spaced intervals about 85 
the manifold ring 13. The air froin the 
jets 10 reduces the teiaperature and, con- 
sequently, the plasticity of the extruded 
tubing.- 

Di^erenti'al rejgalatio-n of the several 90 
jets serves to control uniformity .of thick- 
ness of the blown tubing. Thus, when the- 
tubing is blowing up unevenly and a thin 
streak develops, a little more air from tiie 
jet 10 overlying this particular streak 95 
gives additional chilling to that portion 
of the tubing. The additional chilling re- 
duces expansion and thinning .of the 
xinderlying portion of the t^be and greater 
uniformity of thickness is obtained. 100 

The tubing T next passes through a 
series of wind boxes designed to further 
cool and " freeze " or„set the tubing. The 
wind .boxe§ three" of which are illustrated • 
in Fig&. 1 and ;2, consist of three like 105 
annular chambers Ha, 14b, 14c, which 
are supplied with .air under pressure of a 
fis.w inches o^ water from a common mani- 
fold 15 and blower 16. The. supply of' 
air to each wind. box .may be. individually 110 
controlled by means .of dampers 17 located 
in the manifold 16, The air thus sup-' 
plied to the wind boxes is.discharge^ into 
contact with the tubing Tihrpugh a series 
of .openings 18, which' are located at 115 
spaced, intervals in the inner peripheral 
wall "of each wind box and individually 
regulated in size. by sliding dampers ISa. 

A series of freely rotat^vble rolls R and 
are preferably employed to support 120 
large diameter tubing centrally , of .the 
annular wind boxes. For this purpose. the 
rolls R may be horizontally disposed and 
the rolls -R* angularly disposed so as to 
provide both, support and lateral guidance 125 
substantially , aft. shown in Figs. 1. 2 and 

After passing through the^wind boxe?» 
tlie tubing i.<? ironed down to a flat or col- 
lapsed doiible sheet by nn assembly-. 330 
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designated generally by the nuineral 19, 
which includes a aeries .of metal rollers. 20 
located transversely of the tubing along 
two converging lines above and below the 
5 tubing. 

Beferring more patriculsurly to the de- 
tails of the tube collapsing roller assembly 
19, there is provided a frame generally 
designated 21 including four vertical 

10 corner posts 22 secured in spaced relatix)n- 
ship by upper and lower longitudinal 
frame members 23 and 24 and by fore and 
aft transverse members 25 and .26, Corner 
braces 27 give the frame 21 necessary 

16 rigidity. The rollers 20 are journalled in 
pairs of upper and lower longitudinal 
frame members 28 and 29, respectively, 
the upper pair of frame members 28 being 
secTired in proper spaced relation by fore 

20 and aft transverse members 28a and 28b 
and the lower pair of f ramie members 29 
being similarly secured by fore and aft 
tranBverae membeig 29a and 29b. The for- 
ward end of the roller frames 28 and 29 

25 are suj»ported by the ends of chains 30a, 
30b, the latter being supported 
by sprockets 31 secured at the 
end of a shaft 33 rotatably 
mounted in the forward ends of the 

30 members 23. Clockwise rotation (Fig. 2) 
of the sprockets 31 operates chains 3()a, 
30b, 80 as to raise the forward end of the 
upper roller frame :28' and simultane- 
ously lower the forward end of the lower 

85 roller frame 29 approximately a like 
amount so as to enlarge the distance there- 
between. As is apparent from the draw- 
ings, counterclockwise rotation of the 
sprocket 31 reduces the distance between 

4Q the upper and lower roller frame members 
28 and 29. 

The aft ends of the frame members 28 
and 29 are similarly supported by chains 
35 which, engage sprockets 36 secured to 

45 the ends .of the transverse shaft 37 rota- 
tably journalled rearwardly in the longi- 
tudinal frame members 23. The members 
28 and 29 may be secured in a desired 
position of adjustment by bolts 33 which 

60 e.Ktend through vertical adjustment slots 
34 in the forward vertical frame members 
22 and are tapped in the members 28 and 
29. 

In order to assure sufficient cooling of 
W the tubing and thm» prevent sticking to 
the rollers 20. additional cooling appar- 
atus is provided by like upper and lower 
blowers '38 and 39 which, respectively, are 
mounted on the upper and lower frames 28 
60 and 29 and the air from which is directed 
by suitable ducts 38a and 39a towards both 
npstream banks of upper and lower roller.^ 
20 and the portion nf the tubinfr pucm.cred 
thereby. 

6^)' From the rollers 20 the collapsed tubp 



T passes to a group oi three idler rollers 
40, 41 and 42 which .are rotatably mounted 
transversely of the tube in spaced side 
members 43 of a suitable frame for the 
idler roll assembly. The axes of rotation tO 
of the rollers 40 and 42 are slightly below 
and at either side of roller 41 so that as 
the collapsed tube passes over the two out- 
side rollers and under the inner roller, 
each of the rollers is engaged and rotated T5 
by the tube. The rollers act to eliminate 
wrinkles and at the same time prevent 
blowing up of the tube. 

The tube is next drawn by a pair of 
pulling rollers 44, 45 axially secured on BQ 
shafts 44a and 45a, respectively, thrpugh 
a device C, described mora in detail here- 
inafter, for controlling the air pressure 
introduced into the tube through the out- 
let 8, responsively to variations in width 85 
of the collapsed tube as it passes there- 
through. 

The lower shaft 45a is positively driven 
as by motor 4G and suitable cpnnecting 
drive (not shown) within the chain guard 90 
47. Pressure adjustments 48 are provided 
for varying the amount of pressure with 
which the upper or idler roller 44 bears 
on the drive roller 45. 

The collapsed tube is drawn from the 05 
pulling rollers 44, 45 through a series pf 
smoothing rolls 49, 50 and 51 and wound 
on end reels or spools 52a, 52b which are 
mounted on shaft 53 of a winder. The 
drive for the shaft 53 is preferably 100 
througb a friction clutch (not shown) 
within the hoiising 54 so that slippage 
occurs when the clutch, speed exceeds the 
speed at which the tube m supplied to the 
reels 52a, 52b. This Etrrangement assures 105 
roiling of the tube in substantially uni- 
form tension on to the reels regardless of 
variations in the size of the reels and of 
the rate at which the tube is supplied to 
the roll. It will be seen that the smooth- lib 
ing rolls 49, 50 and 51 about which the 
tube is festooned edso act to relieve the 
portion of the tube immediately down- 
stream of the pulling rollers 44, 45 from 
the greater portion of the tension exerted 115 
by the reels 62a, 52b. Additional festoon- 
ing rolls 55 and 56 are also provided and 
may be used if additional ironing and 
festooning action is desired. 

An alternative windinof shaft 57 carry- 120 
ing windinj? reels 58a, 58b is provided for 
receiving the tube when the roll on spools 
52a, 52b attains a desired size and weight. 
Manuallv operable levers 59 and 60 are' 
provided for enga^rinflr and disengaging 1>^5 
the shafts 53 and 57 from the common 
drive within the housing 54. 

Referring more particularly to the de- 
vice C for controlling the diameter of the 
tube responsively. to the width of the col- 130 
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lapsed tube passing fheretliraug^h, the de- 
vice^ as best seen in Eigs. 4 and 5j iiir 
eludes a generally rectangular frame, ike 
upper leg or side 61 of .which is disJiDsed 
5 traisversely of the tubing T «nd secured 
a9 by wires 62 to a tod 6S ^ftrhich . itself is 
secured transversely of the tube to a pair 
of uprights 64 mounted on the side walla 
43 of the idler roller frame. The lower leg 

10 or side 66 of the frame rests on and is 
supported by th& tubing One longitud- 
inal side member 66 ot the frame is fixed 
to one end of the leg 61 and the corres- 
ponding end of the leg 65. The foUriJi 

16 leg or side 67 of the frame is secured at 
one end to a block 68, which is adjustably 
secured to a slotted portion of the frame 
member 61 by fasteners 69. The opposite 
end of the member 67 similarly is secured 

20 to a block 70 which is adjust-ably secured 
as by fastener 71 to the slotted end of the 
lower leg 65. The described construction 
peimits adjustment of the side member 
67 of the frame so as to permit adjustment 

25 of the width of the frame betwerai mem* 
bers 66 and 67. Thus when .a change in 
the layflat width of tubing is required, 
the width of the frame may be adjusted to 
accommodate the width of the tubing. 

30 Disposed adjacent and generally 
parallel to the side niember 66 is a second 
side ami 72 which ia pivotally secured at 
its upper end to a block 73 in tiie comer of 
the frlone. 'As illustrated in F^g. 5, a 

35 light sprii^ 74 acts to draw the pivol^y 
moun€ed side arm 72 inwardly so that a 
. stop 75 carried on the lower' end presses 
against the adjacent edge of the collapBed 
tube T and keeps the opposite edge of the 

40 tuhe pressed against a similar stop 76 
canied by the frame leg 67. A pair of 
electrical contact buttons 77, 78, respec- 
tively mounted on members 66 and 72 ate 
forced into engagement' whenever the 

46 width of the tubing" T between stops 75 
and 76 exceeds a desired maximum and 
are disengaged by the action of spring 74 
when the width of the tubing is less than 
that maximum. 

50 The thus detected variations in width 
of the collapsed tubing T passing through 
the automatic measuring device C, are 
translated by means of an air pressure 
regulator R (Figs. 6 to inclusive) into- 

55 automatic control .of the amount of air- 
pressure introduced at the die through 
inlet 8 into the tubing T, thereby' auto- 
matically controlling the size to which 
the tube is blown responsively to varra- 

60 tions in width of the collapsed tube* More 
particularly, the air pressure is increased 
when the width .of the collapsed tube pars- 
ing between the cdntrol mechanism stops. 
75 and 76 falls below a desired 

05 and' is decreased when thd width of the 



tube exceeds the permitted maximum. 

•Fig. 8 illustrates a suitable wiring dia- 
gr^ for the electrical contacts 77 and 78 
which are so arranged that when contact 
is made or broken, a solenoid 79 is ener- 7(i 
gized or de^energiaed through a relay 80 
and a transformer 81. The solenoid 79 
controls through a valve 82 the air pres- 
sure repfulator B (Figs 6 and 7) which sup- 
plies air pressure iJirough the die into the 76 
tube. 

Inasmuch as th6 tubing T is extremely 
aenaitive to smalj variations in pressure, 
the pressure regulator E must be capable 
of controlling pressura within extremely 80 
small limits, measurable in .fractional 
inches of water. To this end, the regu- 
lator is provided with three vertical con- 
tainers 83, 84 and 86 each of which cdd- 
tains an air pipe 80, the .lower end pi 86 
each esctending well into its cont-ainer . 
while the upper ends are connected to a 
common supjjly line 87. The connection to 
the air pipe in the container 83 in made 
through the valve S3, the communication 90 
being open when the solenoid is eiiergiiS^d 
and closed when the s.olenoid is dd'^ner- 
gized. Between the valve 82 and the air 
supply line 87, the connections to the 
several air pipes ffeel^ communicate with 95 
eaeh other and ^th. a line 88 \\rhich id 
connected to the pressure supply pipe in 
the die D. The air pressure supplied from 
the line 87 to the die through the liiid 88 
is controlled by plaoing on the lowei* end 100 
of the air pipe in the colitainer 83 a back 
pressure equal to the iriinimuln air pre?* 
sure desired at the die, and the air 
pipe in the containers 84 and 85 a back 
pressure equal to the maximum pressxtre 105 
desired at the die. Thus, thfi line 88 
always is bled of any pressure in excess of ■ 
the maximum desired at the die and when 
the maximum pressure expands, the tubing 
T beyond the desired ma^dmum, the HO 
attendant closing of the contacts 77, 78 
and energising of the solenoitl opens the 
valve 82 and bleeds the air jiressure to the 
minimum established on the air pipe in 
the container 83. 115 

In order to place the desired pressures 
on each air pipOj each of the containers is 
supplied with a head of water to a height 
above the lower 6nd <rf its ait* pipe eqUal 
to the pressure in inched of water desired. 120 
The water in each container is supplied by 
means df its own reservoir 89 to which the 
cnntainersi are connected flexible tubes 
90. The height of each reservoir can be 
adjusted readily by medns of support 125 
ropes 91 and manually operable wilidlasses 
92 so as to establish thd desired head of 
water on each air pipe. The height of 
water established in the containers 84 and 
85 is just enough gr^&ter than the height ISO 
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of the water in the container 83 to slowly 
increase the size of the tubing T when the 
va.lvd 82 is closed, whereas the height of 
the water in the tube 83 is just enough 

5 lower to slowly decrease the size of the 
tube when Jhe valre 82 is open. 

In addition to the fine pressure adjust- 
ment thus provided, a coarser preliminary 
adjustment may be provided as by means 

10 of a manually operable valve 93 in the 
supply line 37. 
^'igs 9 and 10 i'Uuatrate a modified die 
which has been found particularly 
siitisfaclory for producing tube free from 

16 " grain or heavy spider lines which 
sometimes are produced in the product. 
These lines are the result pf dividing iio 
plastic stream into multiple subdiviaions, 
as by a spider or other .form of h<^mo- 

20 genizer and, thereafter, reuniting tlie siib. 
divisions into a single stream. The re- 
amalgamation does not always produce a 
homogeneous stream, lines of reunipn 
being apparent in the product. This un- 

•25 desirable result is avoided in the die 
which includes a cylindrical die holder or 
housing 94 securable to the nozzle 95 of 
aa extruder 96, as by means of bolts (not 
shown) secured in tapped holes 97 in the 

80 housing. Plastic from the extruder nozzle 
95 is distributed by a conical passageway 
98 into a plurality of subdivided passage- 
ways in a homogenizing spider 99. 
In the embodiment illustrated in Figs. 

35 9 and 10, the subdivided passageways 
comprise a pair of concentric rings of 
closely drilled holes 100, th© downstream 
ends of which are covered by a ring of 
screening 101 of approximately 80 — 80 

40 mesh (i.e. 80 holes to the inch in bofh co- 
ordinates) which is secured in plo^e by 
washers 101a and 101b and which effec- 
tively filters out the heavy spider lines 
which otherwise might be produced by the 

45 coarser dividing passageways 100. From 
the screen, the plastic passes into an 
annular nozzle chamber defined by an 
inner nozzle member 102 and an outer 
nozzle member 103. The inner nozzle 

50 member is generally spool shaped and is 
co-axially disposed and secured on the 
threaded' stud portion 104 of the spider 
99. A washer J 04a is provided about the 
stud 104 to form part of the die. The 

56 outer portion 103 of the nozzle comprises 
an annular ring co-extensive with and co- 
axially disposed relative to tlie inner 
member 102 and is secured in the housing 
94 by means of a retaining ring 105 and 

60 bolts .106. The upstream end of the mem- 
ber 103 seats snugly against the spider 99. 

A series of adjustment screws 94a cir- 
cumferentrally spaced about the housing 
94 extend radially inwardly through 

65 tapped holes so that their ends bear on tiie 



circumference ojE the outer nozzle member 
103, thus providing means for securing 
th© coaxial adjustment of the inner and 
outer nozzle members 103, 103 necessary 
to secure uniformity of thickness in the 70 
annular ring or tube of plastic material 
extruded therebetween. 

It will be ^een that plastic material, 
after passing through the screening 101 
is discharged into an annular flow restricts 75 
ing chamber 107 formed by .the upstream 
end of the inner nozzle member 102, the 
outer nozzle member 103 and the spider 
99. The flow restricting chamber 107, the 
outlet from which is an extremely narrow 

80 

annular passageway between the inner 
and outer nozzle members 103, 103, serves 
to maintain adequate back- pressure and 
thus prevent rupture o£ the screen lOjL de- 
spite any surging tendency of the plastic 86 
which might otherwise establisli a ruptur- 
ing pressure differential on "the screen. 

As illustrated in Fig. 9, the size of the 
nozzle passageway increases downstream 
and then decreases at the .outlet to the 90 
size necessary to extrude a .tube of a 
desired wall thickness. A replaceable tip 
108 secured as by cap screws 109 to the 
end oi the inner nozal© member 102 pro- 
vides means for readily changing the in- 96 
ternal diameter of the nozzle and thus the 
thickness of the tubing extruded there- 
through. 

The temperature of the die may be 
controlled readily. In the arrangement 100 
illustrated in Fig. 9, a heating element 
110 is pressed on to the outer nozzle mem- 
ber 103, and both tiie- element 110 and the 
die housing 94 are provided with enclosed 
annular chambers 111 and 1^2, respec- 105 
tiyely, in which suitably controlled elec- 
tric heating coils may be located. Air is 
introduxied into the extruded tube, via the 
axial passageway 102b and through said 
die when the latter is in use, 110 

Having now partioularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — 115 

1. The process of fprming thin-wall 
tubing of thermoplastic material which 
includes continuously extruding said 
material in a heated and plastic condition 
through an annular die in the form of a 120 
tube, establishing a greater internal pres- 
sure in than external pressure on the tube 
as it is extruded in a heated, deformable 
condition from the die, expanding the 
tube while in such condition by means of 126 
said nressure differential to a predeter- 
mined greater diameter, cooling said ex- 
panded material below its temperature of 
plasticity and thereby setting sard ex- 
panded tube, characterized by so regulat- 130 
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ing. 8.aid cooling. difierentiaUy about tke 
circumferenca of aaid .expanded tube in 
accordaucQ .with, circumferential yaxia- 
tions of tbe thickness of said tube as to 
5 tend to eliminate these yariatijans. 

3. The process .as claimed in claim 1, 
characterized by establishing said pressure 
differential by ' introducing fluid pressure 
into the tube as it is extriaded and regulat- 

10 ing the introduction, of such fluid pressure . 
responsiyely to.change3. in the size of the 
tube at a point which, the tube continu- 
ously passes remote from the- region in . 
which expansion occurs, whereby to maia- 

15 tain the size of the- tube substautially con- 
stant. 

3. The process aa claimed in. claims 1 or 
3 characteri;!ed by further cooling' said 
tube while supporting it against sojgging 

20 and lateral displacement relative ifco its 
axis of extrusion. 

4. The process as claimed in any^ of 
claims 1—3 characterized by collapsing 
the ea^anjded tube. 

26 5, The process as claimed in claims 2 
and 4 characterized .by progressively col- 
lapsing said tube wMle maintaining- it 
substantially iree frpm wrinkles, and 
automatically regulating the said pressure 

30 differential responsiyely to variations in 
the width of the collapsed tube at a pre- 
determined point .which, the tube continu- 
ously passes. 

6. The process as claimed in claims 4 
36 or 5 characterized by winding the col- 
lapsed tube on a winding device, 

7. Apparatus for carrying out the pro- 
cess of forming tubing .of thermoplastic 
materi'al as claimed in.- claim 1 character- 

40 ized by means for differentially cooling 
the circumference of the tube adjacent the 
die. 

8. Apparatus , as claimed in claim 7 
characterized by means for collapsing the 



tube substantially wrinkle-free, as it 46 
passes a point downstream of the die. 

9. Apparatu.s as claimed in claim 8 
characterized by an adjustable roU^ 
assembly for collapsing the tube. 
• 10. Apparatus as chimed in claim 9 ^ 
characterized by means for regu.lating the 
angle at which the tube is collapsed by 
the roller assembly. 

11. Apparatus as claimed in claim 7 
characterized by a circle of independently 56 
regulatable c.ooling jets about .the tube 
adjacent the di'e for differentially cooling 
the circumference of the tube, 

12. Apparatus as claimed in claim 11 
characterized by an annular wind box 60 
through which fiie tube passes and having 

a plurality of independently adjustable 
air ports throug^h which air is directed" ' 
against the tubing for further cooling- it. 

13. Apparatus as claimed in claim 12 66 
having rollers for supporting said tubing 
coaxially within said wind box. 

14. Apparatus as claimed in claim 
7 whereia the die has an annular 
passageway and an .outlet nozzle, charac- 70 
terized by a screen, in said passageway, 
and a flow restricing chamber .in. said 
passageway intermediate said screen and 
nozzle. ■ 

15. Apparatus for forming tubing of 76 
thermoplastic material having its parts 
constructed and arranged and adapted to 
operate substanti-ally aa hereinbefore de- 
scribed Tvith reference to the accompany- 
ing drawings. 80 

Dated the 4th day of January, 1949. • 
HASELTINB, LAKE & CO., 
28, Southampton Buildings, 
Ohancery Lane, London, W.0.2, 
England, and 
19/25, West 44th Street, New York, 18, 
. New York. U.S-A. 
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